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It is probable, however, that none of these approximations is completely adequate for all values of Z and 11.
Hence an accurate computation and tabulation of this important function is now in preparation. Three approximations for feZ, ,,) are compared with some representative values of fez, 11) that have been cOlnputed for the proposed table, and the accuracy and range of validity of these approximations are indicated.
This expression, however, has very limited applicability. Later Kurie, Richardson, and Paxton 2 gave the "nonrelativistic approximation"
Since the direct evaluation of (2) by means of a series expansion of the r-function is inconvenient, various approximations have been utilized for this purpose. In his original paper l Fermi used the following approximation for Z=82.2 which they estimated could be used for all light elements up to about Cu, Z=29 (provided TJ is not »1). Thus this expression also has quite limited applicability.
A more generally useful approximation has been given by Bethe and BacherS and put in the following convenient form by Longmire and Brown 4 (3) Since the direct evaluation of j(Z, 1' /) is difficult and tedious, various approximations have been used for this purpose. However, there is insufficient information in the literature about the relative accuracy and range of validity of these approximations. Three frequently used approximations for j(Z, fJ) are here compared and their range of validity indicated.
The "Fermi distribution function" or "transition probability function" is where F(Z, fJ), the "Coulomb correction factor," is caused by the effect of nuclear attraction upon the emitted I'-distribution. The function j(Z, 1' /) was given by Fermi in his original paper. l If we omit momentumindependent factors, which do not affect the shape of the Fermi-Kurie (FK) plot, this function is:
According to Longmire and Brown, this approximation seemed to be accurate to about one percent for values of Z up to 84.
Nordheim and Yost 6 have given the following approximation for the complex r-function in (2):
Substituting this expression in (2) we obtain feZ, 11)~iNeZ, 11)(1-2S)1]2s.
* Assisted by the AEC.
1 E. Fermi, Zeits. f. Physik 88, 172 (1934 In addition to the expressions for feZ, ,,) given above, various other approximations have been used which will not be discussed here. As pointed out by Longmire and Brown,4 however, there is apparently no uniform practice for the evaluation of this function. In most cases the approximation used and the accuracy of the evaluation is not specifically stated, so that there may be some doubt as to whether the method used to calculate feZ, ' fJ) has been sufficiently accurate in all such cases. For the reasons indicated the writer felt that a table of accurately computed Fermi functions was very much needed, and the Computation Laboratory of the National Bureau of Standards is now working on such a table. It is planned to compute fez, 11) for both negatrons and positrons; for all values of Z from 1 to 100; and for values of 17 from 0.050 to 7.00 (0.67 kev to 3100 kev) at sufficiently close intervals that any other values desired may ordinarily be obtained by direct interpolation from the table. The accuracy of the calculations will in most cases greatly exceed the best experimental accuracy with which j3-distributions can now be determined.
III. COMPARISON OF THREE APPROXIMATIONS FOR f(Z, n)
The computations, while not yet complete, have proceeded to the point where the validity of the approximations for feZ, 17) noted above can be determined at selected points. In Table I some 17 would not affect the shape of an FK plot. Hence for the purpose of making such a plot, the factor to be considered in the "percent error" columns in Table I is the variation in the percentage error rather than the percentage error itself. As an aid in doing this, the lowest and highest percent errors for each Z listed are indicated with an asterisk.
We see from Table I that the non-relativistic approximation (4) becomes increasingly poor with higher Z and higher fl. If we set .-v1 percent as a desirable limit for the variation of percentage error in f(Z, 11), then this approximation is good only for Z up to about 10 for values of 11 between 0.6 and 5 (",-,100-2100 kev).
The Bethe and Bacher approximation is much better, remaining within .-v1 percent of the accurate values for Z up to about 60. Moreover, Table I indicates that the percentage error in this approximation varies only slightly with 1]. Thus the linearity and end point of an FK plot would not be affected appreciably by the use of this approximation for values of Z up to about 80, the criterion used here being that the variation in percentage error is within .-v1 percent for 1]=0.6 to 5.
The Nordheim and Yost approximation (8) is much better than the non-relativistic approximation, but is not as good as the Bethe and Bacher approximation. The percentage error in this approximation increases with Z, remaining within "'-'1 percent of the true values only for Z up to about 20. However, for the purpose of making an FK plot of a j3-spectrum the table indicates that (8) may be used for values of Z up to about 35, using the same criterion as before.
The table of Fermi functions, when completed, will in most cases make unnecessary the use of an approximation for the numerical evaluation of feZ, 11).8
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